Radiation damage of several dihydropyrimidines in powder and solution has been studied with electron paramagnetic resonance (EPR) 1 . No similar investigation in single crystals of any of these compounds has been done. In the present paper we report an EPR study of the structure of free radicals in a gamma-irradiated single crystal of dihydrothymine. The crystal and molecular structure of this compound has been reported by FURBERG and JEN-SEN In contrast to thymine 3 ' 4 , the pyrimidine ring in the crystal of dihydrothymine is highly disordered. From the EPR study of the radiation induced radicals in a single crystal of dihydrothymine it is possible to determine whether or not the disordered structure of the ring remains unchanged after the molecule has been damaged by irradiation.
Experimental
The crystals were grown by slow evaporation of an aqueous solution at 20 °C. No good quality crystals of moderate size could be found. Fortunately, dihydrothymine is very sensitive to irradiation and the crystal 1 x 1 x 0.2 mm 3 in size was sufficient for the EPR ana- lysis. The external configuration and the crystallographic axes of the crystal used in this study are shown in Fig. 1 . The axes were identified with X-ray diffraction analysis. The crystal is orthorhombic and the dimensions of the unit cell are a = 7.336, 6 = 23.474 and c = 7.034 Ä (I.e. 2 ). There are eight molecules in the unit cell.
The crystal was irradiated in air at room temperature to a dose of about 5 Mrads by 60 Co gamma rays, at a dose rate of 0.3 Mrads/hour. The crystal was aligned in the EPR cavity so that one of the crystallographic axes was perpendicular to the magnetic field. The spectra were recorded at room temperature with a Varian E-3 spectrometer at 10 "*' or 15° intervals as the crystal was rotated in the magnetic field. A similar procedure was adopted to record the spectra about the other two axes of the orthogonal set.
Identification of Radicals
The irradiated single crystal of dihydrothymine gave spectra which did not change rapidly when the crystal was rotated in the magnetic field, H. The total splitting of the lines was always close to 135 gauss. Figure 2 shows the resonances (first deriva-50 gauss tive curves) for the magnetic field parallel to b and c crystallographic axes. From the total splitting and the structure of the resonance pattern it is possible to conclude that the most pronounced resonance, indicated by the solid lines under the spectra, is due to the -C (CH3) CHo-radical. In dihydrothymine it is radical I. It is formed by the abstraction of the hydrogen atom from C® . The hyperfine splitting is caused by the coupling of the unpaired electron with three equivalent methyl protons and a larger coupling with two methylene protons. From the three equivalent couplings of 20 gauss of the methyl protons one concludes that the methyl group is rotating and that he unpaired spin is largely localized. In spite of the fact that it is a part of the conjugated system, its density is about 0.8 on a single atom -C(o .
The same radicals have been identified in the powdered specimens of dihydrothymine either irradiated with gamma rays 5 or bombarded with thermal hydrogen atoms 5 -6 . 5-thymvl radicals were first observed and interpreted in the thymine base of DNA 7 ' 8 and analyzed in more detail in a single crystal of thymidine 9 . In the latter compounds radical I is formed by a hydrogen atom addition on C((j) of thymine.
As judged from the spectra in Fig. 2 , 5-thymyl radicals are not the only ones present. Additional resonance, indicated by the dotted lines under the spectrum, may belong to radical II. This type of radicals could not be analysed in any detail and will not be discussed here.
Conformation of 5-thymyl Radical
The present experiments enable us to gain more information on the structure of radical I and on the conformation changes of the pyrimidine ring in irradiated dihydrothymine. Figure 3 shows the varia- tion of the hyperfine splittings for the methylene and methyl protons in three orthogonal planes. The couplings of the methyl protons were directly measured from the spectra. The methylene proton couplings were deduced from the total splitting, ß-hydrogen couplings are often quoted to be nearly isotropic 9-11 . We observe a slight but for our purposes very significant variation of the couplings. From Fig. 3 one can see that the methyl proton coupling, A CHs , is approximately constant in the a c plane, and has a maximum in the direction almost parallel to 6 axis. Thus, A CHs is approximately an axially symmetric tensor. Similarly, the coupling tensor for the methylene protons is found to be axially symmetric with the axis of symmetry in z direction. Nearly axial symmetry of the rotating methyl protons has also been observed by other investigators 12 ' 13 and the coupling has been treated theoretically by REITBÖCK 14 . The axis of symmetry coincides with the axis of rotation. For this symmetry, the hyperfine coupling for each proton can be described by the equation
A = A{ + Aa(S cos 2 0 -1).
A( is the isotropic coupling, Aj is the unisotropic dipolar coupling and 0 is the angle between H and the symmetry axis. For both methyl and methylene protons A^.
For the axial symmetry the coupling tensor is defined by two parameters, A\\ and A±. For dihydrothymine, however, these parameters could not be accurately evaluated. Namely, from the known space group, P b c a, of the dihydrothymine crystal 2 one expects four magnetically distinct molecules in a unit cell. In addition to that, there are two enantiomorphs, making in total eight magnetically distinct groups of molecules. Each of them gives at least three quartets of lines, what makes almost a hundred lines in total. Generally, it is not possible to analyze a pattern of such complexity in a solid specimen, thus it is impossible to determine the hyperfine coupling tensor elements. In the particular case of dihydrothymine two facts make at least some analysis possible. First, only ^-protons are involved in the hyperfine coupling, making it rather isotropic. Sec- ond, all the unpaired electron-proton directions are close either to y direction (methyl protons) or to z direction (methylene protons). Thus, although we measure only the average coupling of all methyl protons or all methylene protons, a remarkable angular variation of the couplings is observed (see Fig. 3 ). Two distinct groups of methyl couplings are found only in the a b plane. The "average" coupling parameters are given in Table 1 [1966] . 14 H. REITBÖCK, Z. Naturforsch. 24 a, 279 [1969] . where B is a constant. Although the two methylene couplings in radical I could not be determined exactly, it is possible to conclude that they do not differ for more than 4 gauss. Using 5^50 gauss and assuming that the angle H(i)C(6)H(5) remains approximately the same as in the undamaged molecule (108°), one finds that the angles <Pt and cor " responding to the C(6) -H(d and C(6) -H(9) bonds, respectively, do not differ by more than 5°, in contrast to the very large difference in the undamaged
